The multiple singularity behaviour of flow through a porous pipe with decelerating wall is numerically studied in the present paper. 
Introduction
In many problems, the model of physical phenomena produced nonlinear differential equations whether a closed form of the exact solution is complicated. However, a power series solution can be considered, but the presence of singularity prevents rapid convergence of the series. Approximate methods are the techniques for summing power series, where a function is said to be approximant for a given series if its Taylor series expansion produces the first few terms of the series. Pade´-Hermite class introduced semi numerical approximate methods, such as Pade' approximants, algebraic and differential approximants etc. Later Drazin and Tourigny (1996) made some improvement to the algebraic approximant named as Drazin-Tourigny approximants where they extended the theory for large N. Khan (2002) introduced High-order differential approximant in his PhD thesis which is an extension of differential approximant. A comparative performance of High-order differential approximant and Drazin-Tourigny approximant to determine the multiple singularities of a nonlinear model problem in fluid dynamics is analyzed in this paper.
The flow in a pipe driven by suction or injection was first considered approximately fifty years ago. Berman (1953) first considered the steady Navier-Stokes equations to a fourth order ordinary differential equation. Brady (1984) , Zaturska and Banks (1988) then considered various aspects of the flow, both steady and unsteady. Brady and Acrivos (1981) analysed the flow in a pipe with accelerating wall.
The flow in porous pipe with decelerating wall has significant effect in physical point of view. Practically it is found that there is no real solution to the steady similarity equation for a range of Reynolds number, whereas this absence of solution and the bifurcation study leads to the motivation for this study.
However, the steady axisymmetric flow of a viscous incompressible fluid driven along a pipe by the combined effect of the wall deceleration and suction is considered by Makinde (1999) . He solved the non-linear 2D Navier-Stokes equations modeling the flow using a perturbation method, applying a special type of Pade´-Hermite approximation method Makinde (1999) obtained the first 54 coefficients of the solution series and a bifurcation study was also performed. Alam and Khan (2010) investigated the critical behaviour of the steady two-dimensional nonlinear flow of viscous incompressible fluid through convergent-divergent channels with the effect of external magnetic field using various generalizations of Pade´-Hermite approximations.
In the present problem we have studied the temporal stability of the flow in a porous pipe with decelerating wall using various generalizations of the approximation methods. The non-dimensional equation is solved into a series solution of 54 terms in terms of similarity parameter with the help of perturbation theory and MAPLE.
The series is then analyzed to show the convergence of critical values and the bifurcation graph for R with the help of approximation method Khan (2002) , Drazin and Tourigny (1996) . In our analysis, it is found that the results are more accurate and uniform in comparison with Makinde (1999) .
Review of Pade′-Hermite approximants
In 1893, Pade′ and Hermite introduced Pade′-Hermite class. All the one variable approximants that were used or discussed throughout this paper belong to the Pade′-Hermite class. In its most general form, this class is concerned with the simultaneous approximation of several independent series. Let ∈ d Ν and let the 1
Assume that the ( )
is a Pade′-Hermite form of these series if 
Expanding the left hand side of Equation (2.2) in powers of x and equating the first N equations of the system equal to zero, we get a system of linear homogeneous equations. To calculate the coefficients of the Pade′-Hermite polynomials it require some sort of normalization, such as
It is important to emphasize that the only input required for the calculation of the Pade′-Hermite polynomials are the first N coefficients of the series
. Equation (2.3) simply ensures that the coefficient matrix associated with the system is square. One way to construct the Pade′-Hermite polynomials is to solve the system of linear equations by any standard method such as Gaussian elimination or Gauss-Jordan elimination.
Drazin-Tourigny approximants (1996) is a particular kind of algebraic approximants and Khan (2002) introduced High-order differential approximant as a special type of differential approximants. High-order partial differential approximants discussed in Rahman (2004) is a multivariable differential approximants.
An algebraic programming language Maple available on www.maplesoft.com was used to compute the series coefficients of non-dimensional governing equation of the problem.
Mathematical formulation of the problem:
Consider the steady axisymmetric flow of a viscous incompressible fluid driven through a porous pipe with decelerating wall. Let E be a parameter such that the axial velocity of the wall is E z . It is assumed that ( )
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Assuming a similarity form for the solution of the Navier-Stokes equation, it is found by dimensional analysis that the velocity components ( v u, ) increasing in the directions of ( ) 
By substituting (3.2) into (3.1), we obtain recurrence relations for the unknown coefficients of this series (for
Where the prime symbol denotes differentiation with respect to r .
In order to compute the series coefficients, let 
(3.7)
These expansions yield a single solution of the Equation (3.1).
Using a symbolic algebraic package Maple, we are managed to compute the first 54 coefficients of the solution.
Then the algebraic and differential approximation methods are applied to these series.
Results and Discussion:
The series (3.5), (3.6) and (3.7) of stream function, skin friction and centerline axial velocity in terms of flow Reynolds number respectively are considered for the investigation. Applying the High-order differential approximant to both the series of centerline axial velocity and skin friction, the two singular points 1 R and 2 R nearest to the origin are obtained. R are compared with Makinde(1999) and the values of α confirm that 1 R and 2 R are branch points. R are compared with Makinde(1999) and the values of α confirm that 1 R and 2 R are branch points. R and the critical exponent α of centerline axial velocity using High-order differential approximant. The results are compared with Makinde(1999) . 
Conclusion
The approximate solution behavior of the flow through a porous pipe with decelerating wall is investigated. By applying various types of Pade′-Hermite approximations, the accurate numerical approximations of the parameters of the flow are obtained, which involves physically the instability of the problem. The bifurcation diagrams of flow Reynolds number are significant results in comparison with Makinde(1999) .
Moreover, we provide a basis for guidance about new approximants idea for summing power series should be chosen for many problems in fluid mechanics and similar subjects. The computing costs of finding the coefficients of a power series of this problem are higher than the costs of processing them by a summation method. So it behoves the user to exploit all the available information about the problem that gives rise to the series. Alam and M. A.H. Khan/ Journal of Naval Architecture and Marine Engineering 9(2012) [35] [36] [37] [38] [39] [40] [41] [42] 
